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Question 1 [12 marks] 


(a) Give an example of a recursive algorithm, you may use prose or pseudocode. 


(b) A first-in-first-out data structure is also know as a(n) 


( 
(d) What is throwing an exception? 


e€ 


) 
) 
c) A last-in-first-out data structure is also known as a(n) 
) 
) What is catching an exception? 

) 


( 
(f) A collection whose elements are pairs of keys and values is called a(n) 
Question 2 [6 marks] 


(a) What are the advantages and disadvantages of using a singly linked list over a dynamic array 
(for example an ArrayList)? 


(b) What are the advantages and disadvantages of using an AVL tree over a singly linked list? 


Question 3 [6 marks] 
What will the following program output? 


public class TheThueMorseSequence { 
public static String flip(String s) { 
int i; 
String flipped = ""; 
for (i = 0; i < s.length(); i++) 
if (s.charAt(i) == ’0’) 
flipped += "1"; 
else 
flipped += "0"; 


return flipped; 
} 


public static String sequence(int numSteps) { 
String firstPart; 
if (numSteps == 0) 
return "0"; 
else { 
firstPart = sequence(numSteps - 1); 
return firstPart + flip(firstPart) ; 


} 


public static void main(String[] args) { 
System. out.println(sequence(3)) ; 
} 
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Question 4 [6 marks] 
Consider the generic class 


public class Label<T> { 
private String label; 
private T cargo; 


public Label(String 1, T c) { 
label = 1; 
cargo 


Cc; 


} 


public String getLabel() {return label;} 
public T getCargo() {return cargo;} 


What will this code look like after erasure has been applied to the generic types? 


Question 5 [12 marks] 


(a) Draw a picture of how an ordered binary tree would look after the insertion of the following 
integers: 
12,11,8,—9,7,7,—15, —18. 


(b) In what order will these elements be visited in a pre-order transversal? 
(c) In what order will these elements be visited in an in-order transversal? 


(d) In what order will these elements be visited in a post-order transversal? 


Question 6 [12 marks] 
We use the following class to implement an ordered binary tree: 


public class Node<T extends Comparable> { 
private T element; 
private Node<T> left; 
private Node<T> right; 


public Node(T e, Node<T> 1, Node<T> r) { 
element = e; 
left = 1; 
right = r; 

} 


public T getElement() {return element ;} 
public Node<T> getLeft() {return left;} 
public Node<T> getRight() {return right;} 


Write a function with the signature 
<T extends Comparable> T smallestElement (Node<T> root) 


which returns the smallest element in the ordered binary tree rooted at root. 
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Question 7 [12 marks] 
Write an implementation of insertion sort, you may use pseudocode. 


Question 8 [4 marks] 

The following function takes as input an Integer, denoted by x, and an ArrayList of Integer 
objects, denoted by xs. It assumes that xs is sorted. Using binary search, the function returns a 
boolean indicating whether or not x is an element of xs. 


public static boolean isElement (Integer x, ArrayList<Integer> xs) { 
int left = 0; 


int right = xs.size() - 1; 
int size = xs.size(); 
int middle; 


while (size > 2) { 

middle = left + size / 2; 

if (x == xs.get (middle) ) 
return true; 

else if (x < xs.get(middle)) 
right = middle - 1; 

else 
left = middle + 1; 


size = right - left + 1; 
t 


if (size == 0) 
return false; 


else if (size == 1) 
return x == xs.get(left) ; 
else 
return x == xs.get(left) || x == xs.get(left + 1); 


Modify the above function, but still use binary search, so that xs can be an ArrayList containing 
a generic type T that implements the Comparable interface. 


Please remember- This examination question paper must be handed in. Failure to do so may result 
in the cancellation of all marks for this examination. Writing your name and student number on 
the front will help us confirm that your paper has been returned. 


